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Abstract  
 
The dehydration of alcohols is an important step to producing biofuels from biomass, 
but typically involves very high temperatures. Current low-temperature dehydration 
reactions use corrosive and volatile acids, do not dehydrate primary alcohols to the 
corresponding olefins, and do not dissolve biomass starting materials. 
  
This study investigates a new catalytic system for the production of alkenes from 
alcohols using a combined Lewis and Bronstedt acid catalyst in an ionic liquid 
solvent, which acts as co-catalyst. The effect of various conditions such as 
temperature, time, solvents, and catalyst identities were optimized. Mechanistic 
studies, a solubility study, and a substrate scope show good to excellent yields and 
suggest a novel pathway for alcohol to olefin conversions.  
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1 Introduction 
1.1 Motivation 
 Need for Renewable Fuel Sources 1.1.1
There has been a significant shift of focus to using renewable energy resources as 
alternatives to fossil fuels for transportation. There are several reasons for this. The 
first is due to a marked increase in the price of gasoline and diesel fuels (Table 1), a 
result of an unstable supply of fossil fuels, and high demands of fossil fuels.1 The 
supply instability has many causes, a few of which include political issues between 
countries with high fossil fuel resources and those without, as well as the fact that 
supply is dependent on being able to find reserves in the ground.2 Another reason to 
turn away from fossil fuels is because of the carbon gases they release during 
combustion, polluting the atmosphere. The only current alternative option for liquid 
hydrocarbons as a transportation fuel is biomass.3 Research towards the synthesis of 
hydrocarbons from biomass is therefore an important endeavor to mitigate these 
issues. 
 
Date Retail Price 
Sep-94 1.125 
Sep-99 1.215 
Sep-04 1.917 
Sep-09 2.626 
Sep-14 3.792 
Table 1. U.S. Diesel Retail Prices in Dollars Per Gallon from 1994 to 2014
1
 
 
 Biomass as a Fuel Source 1.1.2
Biomass comes from a variety of photosynthetic sources, including corn, trees, and 
possibly even algae. These resources can be produced as needed based on the 
expected fuel consumption.4 Photosynthetic organisms use carbon fixation to pull 
carbon dioxide from the atmosphere and the ground to incorporate it into sugars and 
other organic compounds. These sugars can then be broken apart and converted to 
hydrocarbon fuels. The combustion of the hydrocarbons in the fuels releases it back 
to the atmosphere resulting in no net carbon emissions. This is far better than fossil 
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fuels which remove the carbon from the ground where it is benign, and put it in the 
atmosphere where it can influence the climate.3, 5 The process of turning biomass 
into fuels is a difficult process, and one that is under continuous research and 
development to improve.  
 
The typical thermochemical process of converting plants into fuels requires four 
major steps. A diagram of this process can be found below in Figure 1. Biomass to 
Biofuel Conversion Using Gasification Process. The first step is gasification, which 
turns biomass into tar and syngas by physically breaking down the biomass by 
crushing it, drying it, and heating it to above 980 °C, and bubbling it through sand. 
Syngas is a mixture of H2, CO2, CO, N2, and a variety of other gases. In the second 
step, the separation phase, tar is chemically converted to more syngas using a 
catalyst, and the different gases are separated by composition. The syngas is 
cleaned by scrubbing with water to remove halides, ammonia, and other impurities. 
H2S and CO2 are removed using an amine system. The remaining syngas consists of 
CO and H2. This is converted to methanol using a metal catalyst. The third step is the 
Fischer-Tropsch synthesis which uses CO and H2 to create hydrocarbons of various 
lengths from methanol. In order for a hydrocarbon to be used in diesel fuel it must 
contain carbon chains of between C10 and C20, gasoline needs C2 chains, and jet fuel 
needs C6-C16 chains. While a large portion of the molecules produced fit these 
qualifications, a majority do not (Figure 2).6 Chains of insufficient length go back 
through the Fischer-Tropsch synthesis to be combined into longer chains. The 
Fischer-Tropsch synthesis requires temperatures of at least 220 °C and pressures of 
20-40 bar.3 These values are very high, making for an inefficient fuel production 
process. If too much energy is spent producing biofuel because of heat and pressure, 
then it is impractical as a fuel source. This process can be improved using different 
catalysts, which is the focus of this project. The final step recovers the hydrocarbon 
products by cooling and condensing them to a useable liquid form, and separating 
them based on molecular weight.7 
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Figure 1. Biomass to Biofuel Conversion Using Gasification Process 
Gasification 
•Biomass is broken down into smaller 
organic molecules, fed through sand 
heated to 600-800 °C. Syngas is collected, 
and remaining solids and liquids go 
through further heating and break down 
•Syngas is a mixture of  CO2, H2, CO, CH4, 
N2, H2S etc. 
Seperation and Cleaning 
•Remaining tar is reacted with a catalyst to 
convert them into more syngas 
•Syngas is scrubbed with water to remove 
impurities such as ammonia and halides 
• Acid gases are removed using amine 
systems 
•Resulting syngas is mostly a combination 
of CO and H2   
Fischer-Tropsch Synthesis 
•CO and H2 are converted to methanol 
with a metal catalyst which needs 
regeneration 
•methanol is converted to dimethyl ether 
(DME) with heat, 300 °C, and pressure, 
650 kPa 
•DME is converted to hydrocarbons 
Product Recovery 
•hydrocarbons are seperated by 
molecular weight 
•hydrocarbons that are too light are 
put back into the Fischer-Tropsch 
Synthesis 
•ethanol is used for gasoline 
•C10 - C20 carbon chains can be used 
for diesel fuel 
•C6 - C16 carbon chains can be used 
for jet fuel 
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Figure 2: Carbon chain length composition of syngas
6
 
 
1.2 Proposed Catalytic System for the Dehydration of Alcohols 
The proposed reaction would be the first step in a one-pot, chain-lengthening 
reaction that could replace the Fischer-Tropsch synthesis.  The major starting 
material fed into the Fischer-Tropsch synthesis is methanol and other short carbon 
chains which are then combined to form longer chains. This would provide an 
alternative pathway that would use lower temperatures.  The proposed system uses 
heteropolyacids as the primary catalyst, a transition metal co-catalyst, an ionic liquid 
solvent, and an organic co-solvent. 
 
1.3 Classical Approaches to Dehydration of Alcohols 
The most common approach to convert an alcohol to an alkene uses a strong acid 
and heat to remove a water molecule from the alcohols. The most commonly used 
acids are H2SO4 and H3PO4. These systems do not recover the acids; thus, the acids 
need to be continuously supplied. Another drawback of this type of dehydration 
process is that it requires temperatures of approximately 170°C (Figure 3). At lower 
temperatures the reaction is more likely to produce an ether than an alkene. While 
often the dehydration is more favorable than the hydration reaction, this is not true for 
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all alcohols, in which case techniques such as continuous product extraction may be 
necessary to push the reaction in the desired direction.8  
 
 
Figure 3: Traditional dehydration reaction 
 
1.4 Proposed Process and Background 
 Heteropolyacids as Catalysts 1.4.1
Heteropolyacids (HPAs) have received much attention in the scientific community for 
their usefulness in catalyzing reactions, including the dehydration of alcohols. They 
are involatile, stable, and less toxic than traditional inorganic acids. When in ionic 
liquids they have multiple strong acid sites and have pseudo-liquid phase behavior 
which means their structure can expand without disassembling when dissolved. This 
allows it to catalyze reactions at sites both on the inside and outside of the pores of 
the molecule. This also means the HPA can reform the same structure if water is 
removed from the system. The most common HPA structure is the Keggin structure, 
which has a XM12O40. X is the central atom which could be Si(IV), Ge(IV), P(V), or 
As(V), and M is either molybdenum or tungsten (Figure 4).9 Research on HPAs 
indicates that it can catalyze alcohol dehydration reactions better than the traditional 
dehydration reaction and that it can be reused for multiple catalytic cycles before any 
decomposition of the molecule. In particular interest for the proposed system, the 
catalyst works well in ionic liquids and does not require water for reactions, unlike 
traditional inorganic acids. 
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Figure 4. Crystal Structure of a Keggin-type Heteropolyacid.
10
 
 
1.4.1.1 HPA Catalyst Analysis and Dehydration of Benzylic Alcohols 
Heteropolyacids such as phosphotungstic acid and molybdotungstic acid have been 
studied previously by Vázquez et al to characterize their structure and to observe 
their effects on catalyzing dehydration reactions. They performed the dehydration 
reaction using the alcohol, HPA, and either chloroform or toluene were refluxed over 
silica (Figure 5). The researchers found that at with 1,2-diphenylethanol at 61°C 
using TPA and MPA, the reaction was completed in 30 minutes, with a 50% yield for 
alkenes only. The reactions showed high selectivity for the alkene rather than the 
ethers. No ethers were observed in this reaction. Researchers also studied the 
reusability of the HPA catalyst after being used in the reaction several times and 
found that the HPAs conserved their structures almost completely and could be 
reused several times without affecting the reaction significantly. This data suggests 
that HPAs are highly effective at catalyzing alcohol dehydration reactions with higher 
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yields, lower temperatures, and better selectivity than traditional dehydrations. It also 
indicates that the HPA can be reused which is much more efficient than having to use 
new acid with every reaction. The researchers did not test non-benzylic alcohols, or 
any primary alcohols which are much more difficult to dehydrate.8  
 
 
Figure 5. HPA catalyzed dehydration of benzylic alcohols in organic solvent 
 
 Ionic Liquids as Solvents and Catalysts 1.4.2
Ionic liquids, also known as “molten salts,” are ionic or nearly ionic compounds that 
have much lower melting points than most ionic compounds. For example, NaCl 
melts at 801 C and KCl melts at 681 C, while many ionic liquids can melt below 
room temperature. Ionic liquids (ILs) have been found to both catalyze and aid 
catalysis as a solvent for dehydration reactions and may assist the dehydration 
reaction. They are ideal as solvents because they provide the polar solvent that polar 
reactants need to dissolve and interact with other reactants which many organic 
solvents cannot provide. Water is a polar solvent, but is not useable when trying to 
dehydrate a compound. An ionic liquid would be able to dissolve a polar molecule 
such as an alcohol, without exposing it to moisture. Additionally, ionic liquids may be 
reusable and are often non-toxic. For these reasons, many researchers have begun 
looking at ionic liquids as catalysts or solvents for catalytic systems.11 
 
1.4.2.1 ILs as Sole Catalyst for Dehydrating Benzyl Alcohols 
Kumar et al. tested ILs as both the solvent and catalyst to dehydrate benzyl alcohols 
under microwave radiation. The benefits of the this system is that the researchers 
found they could reuse the IL through several reactions instead of producing waste, 
and that ILs are very mild reagents compared to harsh Lewis acid systems. 4-
metheoxyphenylpropan-1-ol was successfully converted to 4-methoxyphenylpropene 
with a yield of 87% using 1-hexyl-3-methylimidazolium bromide (Figure 6. Ionic Liquid 
Catalyzed Dehydration of Benzylic Alcohols). It was demonstrated that the identity of 
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the anion can be crucial to determining the effectiveness of the IL as a catalyst. The 
ILs with halogens as the anion far outperformed the ILs without a halogen anion. The 
researchers hypothesize that the anion polarizes C-O bond, making it easier for the 
microwave radiation to eliminate a water molecule. The limitations of this study are 
apparent, as only benzylic and non-primary alcohols were studied, which does not 
demonstrate their ability to use this system on a wide variety of alcohols regardless of 
their how difficult it is to dehydrate them.12  
 
 
Figure 6. Ionic Liquid Catalyzed Dehydration of Benzylic Alcohols 
 
1.4.2.2 Rhodium Catalyzed Dehydration 
In a study by Dowson et al, transition metals were studied as catalysts for the 
dehydration of alcohols to achieve lower reaction temperatures and high selectivity 
for alkenes. The study found that rhodium complexes were effective catalysts for the 
dehydration of primary alcohols, but only when activated by an IL or halide salt 
promoter. ILs or halide salts with Br had higher conversion rates, but those with Cl 
had better selectivity for alkenes. After screening for the best promoter, the 
researchers found that Bu4NBr was the most effective IL with high conversion and 
selectivity rates (Table 2. Rhodium Catalyzed Dehydration of Primary Alcohols. 
Reaction conditions: 3 mL of alcohol, 0.065 mol % of  [Rh2(CO)4Cl2], 0.13 mol % of 
PMes3, 6 mol % of 57 % aqueous HI, 48 hours, 110 C. 
a6 mol % of ethyl iodide was 
used in place of HI. b0.13 mol % of  [Rh2(CO)4Cl2], 0.26 mol % of PMes3. 
cNo PMes3  
added.). One problem with this study is that the researchers used HI in their 
reactions, which is a highly corrosive strong acid, while also being aqueous which 
tends to quench dehydration reactions and ruin catalysts that are air and moisture 
sensitive. Rhodium is an also expensive transition metal to use, but no other 
transition metals were studied. Although the researchers were not originally 
expecting the promoter to be necessary for the reaction, they believe it makes the 
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rhodium complex more soluble, and they determined that it activates the catalytic 
species based on analysis of the transition metal after treating it with the promoter.13 
 
 
Alcohol Salt (amt(mol%)) Conversion of alcohol (%) Selectivity to alkenes (%) 
Hexanol Bu4NBr(21.6) 83 74 
Hexanol Bu4NBr(21.6) 
Bu4NCl(5.0) 
72 84 
Ethanol Bu4NBr(21.6) 83 53 
Ethanola Bu4NBr(21.6) 80 56 
Ethanol Bu4NBr(21.6) 
Bu4NCl(2.7) 
51 67 
Ethanolb Bu4NBr(21.6) 
Bu4NCl(2.7) 
68 88 
Ethanolc Bu4NBr(21.6) 
Bu4NCl(2.7) 
67 86 
n-propanol Bu4NBr(21.6) 77 96 
n-butanol Bu4NBr(21.6) 95 >99 
Table 2. Rhodium Catalyzed Dehydration of Primary Alcohols. Reaction conditions: 3 mL of 
alcohol, 0.065 mol % of  [Rh2(CO)4Cl2], 0.13 mol % of PMes3, 6 mol % of 57 % aqueous HI, 48 hours, 
110 C. 
a
6 mol % of ethyl iodide was used in place of HI. 
b
0.13 mol % of  [Rh2(CO)4Cl2], 0.26 mol % of 
PMes3. 
c
No PMes3  added.  
 
 HPA and IL Catalysis System 1.4.3
1.4.3.1 One-Pot Synthesis of HMF and EMF from Weeds Using IL 
Very few studies have looked at the effects of combining HPAs and ILs as a catalytic 
system, which might potentially show benefits of both IL and HPA promotion of 
dehydration. One such study was able to perform a one-pot synthesis of 5-
hydroxymethylfurfural (HMF) and 5-ethoxymethyl-2-furfural (EMF) from weeds. HMF 
and EMF can both be used as intermediates in producing fuel sources, formed from 
the dehydration of carbohydrates. The researchers did not analyze any possible 
mechanisms for this reaction, and many of the yields were low (Table 3. Conversion 
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15 
of weeds to HMF using HPA٠SiO2 catalyst. Reaction conditions: 5 wt% substrate 
with respect to total mass, 20 wt % HPA٠SiO2 with respect to substrate 
concentration, DMA-LiCl solvent (0.5 g. 10 wt% LiCl), 120 C, 2 minutes. 14).14 
Regardless of these issues, this study does provide a good indication that a one-pot 
synthesis would be possible to convert biomass to biofuels, and provides direction for 
experiments of a combined HPA and IL system.  
 
Weed Part Used HMF Yield (wt%) 
Indian Doab Whole Part 11 
Water Hyacinth Whole Part 8 
Foxtail Straw 32 
Wild Elephant Foot Yam Root 19 
Table 3. Conversion of weeds to HMF using HPA٠SiO2 catalyst. Reaction conditions: 5 wt% 
substrate with respect to total mass, 20 wt % HPA٠SiO2 with respect to substrate concentration, DMA-
LiCl solvent (0.5 g. 10 wt% LiCl), 120 C, 2 minutes. 
14
 
 
1.5 Project goal 
This projects aims to develop a broadly applicable, one-pot synthesis of alkenes from 
alcohols and to achieve milder conditions and controllable selectivities for the 
dehydration of alcohol groups to products of lower molecular mass.  
 
 Significance 1.5.1
The wide base of research on the deoxygenation of alcohols currently lacks feasible 
applications in biomass to biofuel conversion.  Most of the current research focuses 
on easily dehydrated alcohols, in particular benzyl alcohols and avoids primary 
alcohols because of their difficulty, however, organisms used as biomass feedstocks 
do not avoid making these substrates and therefore a catalytic system must be able 
to deal with them. Additionally, many of these systems do not dissolve biomass 
starting materials, which is necessary if it is to have applications in the biomass to 
biofuel conversion process. The goal of this research project is to create a catalytic 
system that would convert even primary alcohols to alkenes at low reaction 
temperatures, and ensuring that it could be used on a variety of alcohols. The system 
will use materials that are less toxic and less expensive, and can ideally be recovered 
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and reused to provide a greener process. It will also dissolve biomass starting 
materials to demonstrate its feasibility as an alternative to Fischer-Tropsch synthesis. 
Beyond biofuel production, there are many substrates that produce useful products 
when dehydrated but currently don’t have a reasonable process to produce these 
products. One such example, glycerol, dehydrates to produce acrolein, an important 
starting material in many industries including cosmetics and herbicides.15 
 
 Approach 1.5.2
The focus of the optimizations will be on 1-octanol, since it is a primary alcohol, 
making it more difficult to dehydrate. If the process can dehydrate the most difficult 
alcohols, then it will likely be able to dehydrate easier alcohols as well. This reaction 
will be optimized, and then tested on a variety of substrates, including some that are 
suspected be involved in the middle of the reaction mechanism. Other substrates will 
include sugars as might be found in biomass or glycerol.  
 
 Knowledge at project start 1.5.3
Data obtained by Juan M. Venegas and Xiaoang Zhang in the Emmert group has 
shown that HPAs with an IL solvent system, a transition metal co-catalyst, and an 
organic co-solvent, is an effective catalyzing system. The most effective HPAs have 
been determined to be either H3PW12O40 or H4SiW12O40, likely due to the fact that 
these are the strongest of the heteropolyacids. The best IL for the reaction has been 
determined to be Bu4NBr and a co-solvent of para-xylene is necessary for the 
reaction to run. Continued work needs to be done on optimizing this reaction, the 
mechanism behind the reaction, and analyzing a variety of substrates. 
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2 Results and Discussion 
2.1 Catalytic Optimizations 
 Co-Catalyst and Bronstedt Catalyst Screening 2.1.1
We first determined the best heteropolyacid (HPA) catalyst and transition metal co-
catalyst that would work best in the catalytic system. Silicatungstic and 
phosphotungstic acid were already determined to have the highest yields, so different 
transition metal co-catalysts were tested with each HPA. Copper bromide and copper 
triflate worked best under both HPAs as shown in Figure 7. HPA Catalyst and 
Transition Metal Co-Catalyst Screening Silicatungstic acid demonstrated higher 
yields with a wider variety of co-catalysts and was more consistent in yields. 
Similarly, copper bromide and copper triflate both produced high yields, but copper 
bromide had more consistent results.  
 
 
Figure 7. HPA Catalyst and Transition Metal Co-Catalyst Screening 
 
Moving forward using silicatungstic acid and copper bromide as our catalysts, we 
then explored the effect the co-solvent had on the reaction. Various amounts of para-
0
10
20
30
40
50
60
70
P
e
rc
e
n
t 
Y
ie
ld
 
H3PW12O40 
0
10
20
30
40
50
60
70
H4SiW12O40 
dioctyl ether
3-octene
2-octene
1-octene
Results and Discussion 
___________________________________________________________________ 
 
 
 
 
 
18 
xylene were tested under the deoxygenation conditions. As seen in Figure 8. Co-
Solvent Volume Screening, the addition of 0.1 mL of para-xylene resulted in an 
increase of 11% for yield, however, too much of the organic co-solvent inhibited the 
reaction 
 
 
 
Figure 8. Co-Solvent Volume Screening 
 
Along with determining the amount of organic co-colvent that should be in the 
reaction, the relative amounts of organic co-solvent to ionic liquid solvent was tested, 
because the reaction is happening in two seperate phases and therefore the relative 
solvents may affect the olefin to ether ration. The results in Figure 9. Solvent to Co-
Solvent Ratio show that while the ideal ratio of tetrabutylammonium bromide to para-
xylene was 2 grams to 0.1 mL, the difference was not much higher than decreasing 
the amount of tetrabutyl ammonium bromide to 1 gram. This was used instead of the 
2 grams as the decrease was worthwhile because it significantly reduced the amount 
of ionic liquid used in each reaction and made the work-ups easier. 
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Figure 9. Solvent to Co-Solvent Ratio 
 Screening of Reaction Conditions 2.1.2
Once the best reagents for the catalytic system were set, the temperature of the 
reaction was screened.  As can be seen in Figure 10. Temperature Study, the yield 
peaked at 125 C. At 90 C the reaction did not proceed because the 
tetrabutylammonium bromide did not melt below 100 C, suggesting the IL solvent 
plays a crucial role in the reaction. This role is likely that it provides bromine for the 
reaction which will be discussed in the mechanistic section below. 
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Figure 10. Temperature Study 
 
The time study allowed us not only to determine the best yields, but to see an initial 
idea of the mechanism behind the reaction to be studied in more detail. 48 hours 
produced the best yields overall before the reaction severe decomposition occurs. As 
shown in Figure 11, 1-bromooctane forms within the first 10 minutes and is the only 
product. In the first 6 hours, dioctyl ether and 1-octene begin to form at the same 
rate. This suggests that 1-bromooctane is an intermediate for both the formation of 
dioctyl ether and 1-octanol. After 6 hours, 2-octene and 3-octene form by the 
isomerization of 1-octene because the internal alkenes are stabilized by electronic 
interactions. During this time, dioctyl ether decreases, indicating the reaction is 
reversible and that the alkene products are more favored. 
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Figure 11. Time Study 
 
 Mechanistic Studies 2.1.3
Based on the results of the time study, several reactions were performed under 
dehydration conditions in which the starting materials were the non-olefin products 
found from the time study including 1-bromooctane, dioctyl ether, and 1-octene. 
Reaction conditions, products, and yields can be found in Table 10. Calibrated GC 
Yield for Conversion of 1-Bromooctane. Conditions: H4SiW12O40 (91.5 mg, 31.8 µmol, 
5.0 mol %), CuBr2 (31.9 μmol, 5.0 mol %), NBu4Br (1.00 g, 3.10 mmol, 4.88 equiv), 
para-xylene (0.10 mL), 1-bromooctane (0.11 ml, 122 mg, 635 µmol, 1.00 equiv), 125 
°C, 48 h. through Table 13. Calibrated GC Yield for Conversion of 1-Octene. 
Conditions: H4SiW12O40 (91.5 mg, 31.8 µmol, 5.0 mol %), CuBr2 (31.9 μmol, 5.0 mol 
%), NBu4Br (1.00 g, 3.10 mmol, 4.88 equiv), para-xylene (0.10 mL), 1-octene (0.100 
ml, 71.3 mg, 635 µmol, 1.00 equiv), 125 °C, 48 h.. If these products are used as 
starting material, and produce similar products under dehydration conditions, then it 
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is strong evidence that they are intermediates in alcohol to olefin conversion. It can 
also demonstrate the order in which products are formed. Using 1-bromooctane as a 
starting material produced similar results to starting with 1-octanol but with more 
isomerization of the alkene. Using diethyl ether to start produced less of the internal 
alkenes than the terminal alkene, and produced 1-bromooctane. This suggests the 
ether is not a direct intermediate to the alkene, but it is a reversible reaction that has 
to go back through 1-bromooctane to form the alkene. Using 1-octene as the starting 
material produced only internal alkenes as products, with no 1-bromooctane, dioctyl 
ether, or 1-octanol. Based on this data, the reaction from 1-bromooctane to 1-octene 
is less favored than from 1-octene to internal alkenes. Using this information, a 
mechanism was proposed and new studies can be pursued. 
 
 Substrate Scope 2.1.4
Several alcohols of multiple types were tested using the dehydration conditions, all of 
which were successfully converted to alkenes. Substrate alcohols included 1-octanol, 
2-octanol, 3-octanol, 1-decanol, 1-methylcyclopentanol, 1-phenylethanol, and 2-
phenylethanol. Cyclic alcohols, and non-primary alcohols were the easiest to 
dehydrate, and times for these reactions to reach completion varied depending on 
how easy it is to remove the alcohol. For example, 1-phenylethanol reached 89% 
yield in 1 hour under dehydration condition because it is a cyclic alcohol. All of the 
substrates produced the expected intermediates of brominated alkanes and ethers, 
similar to the products produced by 1-octanol. During the testing of these substrates, 
the effects of catalytic loading were also observed. While it is not yet understood, 
some substrates did better when the transition metal co-catalyst was removed, for 
example this increased the yield for 1-methylcyclopentanol, 1 hour reaction to 
58±2%, up from 40±6%. This yield was increased by again to 86±3% by lowering the 
reaction temperature to 100 C, indicating that the dehydration reaction may do 
better at lower temperatures for some alcohols. All yields severely decreased when 
the amount of HPA was modified. Reaction conditions and yields can be found in 
Table 14. GC Yields for Substrate Scope Study. Conditions: H4SiW12O40 (91.5 mg, 
31.8 µmol, 5.0 mol %), CuBr2 (7.1 mg, 32 µmol, 5.0 mol %), alcohol (635 µmol, 1.00 
equiv), NBu4Br (1.00 g, 3.10 mmol, 4.88 equiv), para-xylene (0.10 mL), 125 °C.  
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 Solubility Study 2.1.5
In order to determine the feasibility of using our catalytic system for biomass, an 
initial solubility study was performed. As seen in Figure 12. Solubility of Sugars in 
Solvents. From Left to Right: Fructose, Glucose, Starch, and Cellulose sugars 
dissolved very well in the system, along with lignin, seen in Figure 13. Solubility of 
Lignin in Solvents. From Left to Right: Lignin (A) and Lignin (D) Biomass would take 
longer times of heating to dissolve as much, and as can be seen in Figure 14. 
Solubility of Biomass in Solvents. From Left to Right: Sorgham, Cornstover, 
Switchgrass, and Pinewood they were only partially dissolved in the reaction solvent.  
 
 
Figure 12. Solubility of Sugars in Solvents. From Left to Right: Fructose, Glucose, Starch, and 
Cellulose 
 
 
Figure 13. Solubility of Lignin in Solvents. From Left to Right: Lignin (A) and Lignin (D) 
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Figure 14. Solubility of Biomass in Solvents. From Left to Right: Sorgham, Cornstover, 
Switchgrass, and Pinewood 
 
Discussion 
2.2 Mechanistic Hypothesis 
Figure 15 presents the working mechanism for the dehydration of alkenes using the 
proposed catalytic system. It is likely that the reaction proceeds in two separate 
phases, given that both an ionic liquid and an organic co-solvent are necessary for 
the reaction. Both 1-octanol and 1-bromooctane are polar and therefore more soluble 
in the IL. In the first step, the alcohol is activated by brominating the alkane. From 
there, the brominated alkane can react with either the alcohol to produce an ether 
which is reversible, or eliminate the bromine to produce the alkene. The alkene will 
start at the carbon closest to the original alcohol site, but given more time will 
isomerize to the most stable alkenes. This mechanism leaves several questions that 
still need to be addressed, but it is a good starting place for further mechanistic 
inquiries and proposes a new pathway for the deoxygenation of alcohols.  
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Figure 15. Mechanistic Hypothesis for the Dehydration of Alcohols 
 
Future Directions 
There is still plenty of work to be done to fully understand how this catalytic system 
works, and therefore how to prevent some of the less desirable products, such as 
ether, in order to increase the yield of more desired products, such as olefins.  Based 
on the time study, 1-octene and dioctyl ether form at similar rates, at the same time 
that 1-bromooctane yield is decreasing suggesting that these products depend on the 
concentration of 1-bromooctane. To understand this relationship better, kinetic 
studies on the formation of 1-bromooctane will be performed. Additionally, further 
studies on the bromoalkane intermediates would provide a better understanding of 
the mechanism for the alcohol activation step. Using deuterated bromoalkanes in 
kinetic isotope effect studies would provide insight into the elimination step to 
produce the alkenes. Finally, the application of this catalytic system to biomass 
substrates, such as sugars or lignin, would demonstrate its feasability in the 
production of biofuels. This system will also be applied to the formation of acrolein 
from glycerol.  
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3 Experimental Section 
3.1 Equipment and Chemicals 
Reactions were prepared in the glovebox to reduce exposure to air and moisture. Stir 
bars were cleaned for a minimum of three hours while stirring in aqua regia, rinsed 
with copious amounts of DI water, and dried at 120 °C in an oven prior to use. Liquid 
reagents were dispensed by difference using Hamilton gas-tight syringes. The 
glovebox was kept under N2 atmosphere at room temperature. The co-solvent, para-
xylene, was dried over activated 4 Å molecular sieves. Heteropolyacids were 
activated by heating in an oil bath at 100 °C under oil pump vacuum for 2 hours and 
subsequently transferred to the glove box.  
 
Reactions were analyzed using GC measurements, performed on an Agilent 7890A 
Series GC equipped with FID detector, an Agilent HP-5 capillary column (length 30 
m, diameter 0.32 mm, film thickness 0.25 μm), and a 7693A auto injector module. 
GC-MS results were determined using an Agilent 5975C instrument using a 19091S-
433 (HP-5MS; length 30 m, diameter 0.25 mm, film thickness 0.25 μm)  column. 
 
Unless otherwise noted, chemicals were used as purchased. Solid reagants were 
stored in the glove box. CuBr2, Cu(OTf)2, 1-octanol, 3-octanol, 2-phenylethanol, 
tetrabutylammonium bromide, and Zn(OTf)2 were purchased from Alfa Aesar. Dioctyl 
ether, Fe(OTf)3 and 2-octanol were purchased from Sigma Aldrich. Co(NO3)2, and 
Ni(OTf)2 were purchased from Strem. 1-bromooctane, 1,2-cyclohexanediol, 1-
methylcyclopentanol, and 1-octene and were purchased from TCI. A minimum of 
three trials were performed for each reaction. 
 
3.2 General Procedure – Dehydration of 1-octanol 
Pre-activated heteropolyacid (5.0%), metal co-catalyst (5.0%), and tetrabutyl 
ammonium bromide (1.00 g, 3.10 mmol, 4.88 equiv) were added to a 4 mL 
scintillation vial in the glovebox. The vial was removed from the glovebox, and then 
para-xylene (0.10 mL), 1-octanol (0.100 mL, 82.7 mg, 0.635 mmol, 1.00 equiv), and a 
Teflon-coated stirbar were added. The vial was sealed with a Teflon-lined cap and 
heated to 125 °C for 48 hours on a pre-heated vial plate while stirring 1500 rpm. 
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After removing the vial from the heat, the mixture was allowed to cool.  Diethyl ether 
(1 mL), DI (3 mL), saturated aqueous K2CO3 (1 mL), and a GC-standard of PhOAc 
(10 μL) were added to the vial. The organic phase was removed and filtered through 
celite, and analyzed by gas chromatography. 
 
3.3 Catalytic Studies 
 1-Octanol Dehydration in NBu4Br – Co-catalyst and HPA Screening 3.3.1
In analogy to the general procedure for the dehydration of 1-octonal (section 4.2), 
pre-activated HPA (31.9 μmol, 5.0 mol %), co-catalyst (31.9 μmol, 5.0 mol %), 
NBu4Br (1.00 g, 3.10 mmol, 4.88 equiv), para-xylene (0.10 mL), and 1-octanol (0.100 
ml, 82.7 mg, 635 µmol, 1.00 equiv) were reacted for 48 h at 125 °C. Workup and 
analysis were performed as described in the general procedure, resulting in the 
yields shown in Table 4 and Table 5. 
 
Table 4. Calibrated GC Yield for Co-catalyst screening with H3PW12O40. Conditions: H3PW12O40 
(91.6 mg, 31.8 µmol, 5.0 mol %), co-catalyst (31.9 μmol, 5.0 mol %), 1-octanol (0.100 ml, 82.7 mg, 
635 µmol, 1.00 equiv), NBu4Br (1.00 g, 3.10 mmol, 4.88 equiv),  para-xylene (0.10 mL), 125 ºC, 48 h. 
Entry Co-Catalyst 
1-Octene 
[%] 
2-Octene 
[%] 
3-Octene 
[%] 
Dioctyl Ether 
[%] 
1SJD9A/B/C Fe(OTf)
3
 0 0 0 0.6 ± 0.1 
1SJD10A/B/C Ni(OTf)2 0 0 0.1 ± 0.0 0.3 ± 0.0 
1SJD15A/B/C/D/E/F CuBr2 23 ± 4 11 ± 4 7 ± 1 12 ± 6 
1SJD16A/B/C Cu(OTf)
2
 21 ± 3 15 ± 2 6 ± 1 12 ± 1 
 
 
Table 5. Calibrated GC Yield for Co-catalyst screening with H4SiW12O40. Conditions: H4SiW12O40 
(91.5 mg, 31.8 µmol, 5.0 mol %), co-catalyst (31.9 μmol, 5.0 mol %), 1-octanol (0.100 ml, 82.7 mg, 
635 µmol, 1.00 equiv), NBu4Br (1.00 g, 3.10 mmol, 4.88 equiv),  para-xylene (0.10 mL), 125 ºC, 48 h. 
Entry Co-catalyst 
1-Octene 
[%] 
2-Octene 
[%] 
3-Octene 
[%] 
Dioctyl Ether 
[%] 
1SJD11A/B/C Ni(OTf)2 18 ± 2 13 ± 1 3.4 ± 0.6 12 ± 2 
1SJD12A/B/C Co(NO3)2 16 ± 1 10 ± 1 2.4 ± 0.3 12 ± 0 
1SJD13A/B/C Zn(OTf)
2
 17 ± 1 15 ± 2 4 ± 1 10 ± 2 
Results and Discussion 
___________________________________________________________________ 
 
 
 
 
 
28 
1SJD14A/B/C/D/E/F CuBr2 14 ± 2 23 ± 2 12 ± 2 7 ± 2 
1SJD17A/B/C Cu(OTf)
2
 15 ± 1 22 ± 4 11 ± 3 7.2 ± 0.4 
1SJD18A/B/C None 19 ± 0 15 ± 0 4.0 ± 0.2 10 ± 1 
 
 1-Octanol Dehydration in NBu4Br – Co-Solvent Volume 3.3.2
Optimization 
In analogy to the general procedure for the dehydration of 1-octonal (section 4.2), 
pre-activated HPA (31.9 μmol, 5.0 mol %), CuBr2 (7.1 mg, 31.9 μmol, 5.0 mol %), 
NBu4Br (1.00 g, 3.10 mmol, 4.88 equiv), para-xylene (0 to 1.0 mL), and 1-octanol 
(0.100 ml, 82.7 mg, 635 µmol, 1.00 equiv) were reacted for 48 h at 125 °C. Workup 
and analysis were performed as described in the general procedure, resulting in the 
yields shown in Table 6. Calibrated GC Yield for Screening of Volumes of para-
Xylene as Co-Solvent. Conditions: H4SiW12O40 (91.5 mg, 31.8 µmol, 5.0 mol %), 
CuBr2 (31.9 μmol, 5.0 mol %), 1-octanol (0.100 ml, 82.7 mg, 635 µmol, 1.00 equiv), 
NBu4Br (1.00 g, 3.10 mmol, 4.88 equiv),  para-xylene (0 to 1.0 mL), 125 ºC, 48 h. 
 
Table 6. Calibrated GC Yield for Screening of Volumes of para-Xylene as Co-Solvent. 
Conditions: H4SiW12O40 (91.5 mg, 31.8 µmol, 5.0 mol %), CuBr2 (31.9 μmol, 5.0 mol %), 1-octanol 
(0.100 ml, 82.7 mg, 635 µmol, 1.00 equiv), NBu4Br (1.00 g, 3.10 mmol, 4.88 equiv),  para-xylene (0 to 
1.0 mL), 125 ºC, 48 h. 
Entry 
Volume 
p-Xylene 
[mL] 
1-Octene 
[%] 
2-Octene 
[%] 
3-Octene 
[%] 
Dioctyl 
Ether 
[%] 
Total 
Olefin [%] 
1SJD19A/B/C 0 11 ± 1 17 ± 1 10 ± 1 2.6 ± 0.6 38 ± 2 
1SJD20A/B/C 0.05 10 ± 0 21 ± 0 13 ± 0 2.4 ± 0.6 44 ± 0 
1SJD14A/B/C/D/E/F 0.10 14 ± 2 23 ± 2 12 ± 2 7 ± 2 49 ± 2 
1SJD21A/B/C 0.15 16 ± 1 19 ± 1 8 ± 1 8 ± 1 43 ± 2 
1SJD22A/B/C 0.20 18 ± 0 15 ± 2 5 ± 1 12 ± 1 38 ± 2 
1SJD23A/B/C 0.50 14 ± 2 1.3 ± 0.4 0.1 ± 0.0 21 ± 2 15 ± 2 
1SJD24A/B/C 1.0 4.5 ± 0.3 0 0 9.8 ± 0.2 5 ± 1 
 
 1-Octanol Dehydration in NBu4Br – Temperature Study 3.3.3
In analogy to the general procedure for the dehydration of 1-octonal (section 4.2), 
pre-activated HPA (31.9 μmol, 5.0 mol %), CuBr2 (7.1 mg, 31.9 μmol, 5.0 mol %), 
NBu4Br (1.00 g, 3.10 mmol, 4.88 equiv), para-xylene (0.10 mL), and 1-octanol (0.100 
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ml, 82.7 mg, 635 µmol, 1.00 equiv) were reacted for 48 h at varying temperatures. 
Workup and analysis were performed as described in the general procedure, 
resulting in the yields shown in Table 7. 
 
Table 7. Calibrated GC Yield for Temperature Study. Conditions: H4SiW12O40 (91.5 mg, 31.8 µmol, 
5.0 mol %), CuBr2 (31.9 μmol, 5.0 mol %), 1-octanol (0.100 ml, 82.7 mg, 635 µmol, 1.00 equiv), 
NBu4Br (1.00 g, 3.10 mmol, 4.88 equiv),  para-xylene (0.10 mL), 48 h. 
Entry 
Temperature 
[ºC] 
1-Octene 
[%] 
2-Octene [%] 
3-Octene 
[%] 
Dioctyl Ether 
[%] 
1SJD45A/B/C 130 13 ± 3 10 ± 1 5 ± 2 10 ± 1 
1SJD14A/B/C/D/E/F 125 14 ± 2 23 ± 2 12 ± 2 7 ± 2 
1SJD86A/B/C 100 0 ± 0  0.13 ± 0.03 7 ± 1  16 ± 4  
1SJD87A/B/C 90 0 ± 0 0 ± 0 0 ± 0 0 ± 0 
 
 
 1-Octanol Dehydration in NBu4Br – Time Study 3.3.4
In analogy to the general procedure for the dehydration of 1-octonal (section 4.2), 
pre-activated HPA (31.9 μmol, 5.0 mol %), CuBr2 (7.1 mg, 31.9 μmol, 5.0 mol %), 
NBu4Br (1.00 g, 3.10 mmol, 4.88 equiv), para-xylene (0.10 mL), and 1-octanol (0.100 
ml, 82.7 mg, 635 µmol, 1.00 equiv) were reacted at 125 °C for varying reaction times. 
Workup and analysis were performed as described in the general procedure, 
resulting in the yields shown in Table 8. 
 
Table 8. Calibrated GC Yield for Time Study. Conditions: H4SiW12O40 (91.5 mg, 31.8 µmol, 5.0 mol 
%), CuBr2 (31.9 μmol, 5.0 mol %), 1-octanol (0.100 ml, 82.7 mg, 635 µmol, 1.00 equiv), NBu4Br (1.00 
g, 3.10 mmol, 4.88 equiv),  para-xylene (0.10 mL), 125 °C. 
Entry 
Time 
[h] 
1-Octene 
[%] 
2-
Octene 
[%] 
3-
Octene 
[%] 
Dioctyl 
Ether [%] 
1-Bromo-
octane 
[%] 
1-
Octan
ol [%] 
Mass 
Balance 
[%]
a
 
1SJD25A/B/C 0.17 0.03±0.01 0 0 0.5 ± 0.1 18 ± 1 73 ± 6 92 ± 6 
1SJD26A/B/C 2 3.5 ± 0.2 0.1 ± 0.1 0 5 ± 1 18 ± 1 63 ± 5 95 ± 5 
1SJD27A/B/C 6 8.9 ± 0.4 1.2 ± 0.1 0.2 ± 0.0 9.3 ± 0.6 17 ± 1 49 ± 4 95 ± 4 
1SJD 
28A/B/C/D/E/F 
10 17 ± 1 6 ± 1 1.0 ± 0.3 17 ± 1 12 ± 1 23 ± 6 93 ± 6 
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1SJD29A/B/C 24 19 ± 1 13 ± 2 3 ± 1 12 ± 2 11 ± 1 18 ± 5 88 ± 6 
1SJD14A/B/C 48 14 ± 2 23 ± 2 12 ± 2 7 ± 2 6.4 ± 0.3 6 ± 2 75 ± 5 
1SJD43A/B/C 72 0 0.2 ± 0.0 0.5 ± 0.1 2.0 ± 0.4 0.42 ± 0.2 6 ± 2 9 ± 2 
 
 1-Octanol Dehydration in NBu4Br – Ratio of IL to Co-Solvent 3.3.5
In analogy to the general procedure, pre-activated H4SiW12O40 (91.5 mg, 31.8 µmol, 
5.0 mol %), CuBr2 (7.1 mg, 32 µmol, 5.0 mol %), 1-octanol (0.100 ml, 82.7 mg, 635 
µmol, 1.00 equiv), and varying amounts of para-xylene NBu4Br and were reacted for 
6 h at 125 °C. Workup and analysis were performed as described in the general 
procedure, resulting in the yields shown in Table 9. 
 
Table 9. Calibrated GC Yield for Time Study. Conditions: H4SiW12O40 (91.5 mg, 31.8 µmol, 5.0 mol 
%), CuBr2 (31.9 μmol, 5.0 mol %), 1-octanol (0.100 ml, 82.7 mg, 635 µmol, 1.00 equiv), 125 °C, 6 h. 
Entry 
1-Octene 
[%] 
2-Octene 
[%] 
3-Octene 
[%] 
Dioctyl Ether 
[%] 
1-Bromooctane 
[%] 
1.0 g NBu4Br & 0.10 mL p-Xylene 
1SJD14A/B/C/D/E/F 8.9 ± 0.4 1.2 ± 0.1 0.2 ± 0.0 9.3 ± 0.6 17 ± 1 
2.0 g NBu4Br & 0.10 mL p-Xylene 
1SJD38A/B/C 13 ± 1 1.4 ± 0.0 0 10 ± 1 18 ± 1 
4.0 g NBu4Br & 0.10 mL p-Xylene 
1SJD40A/B/C 4 ± 1 0.2 ± 0.0 0.1 ± 0.0 3 ± 1 8 ± 2 
1.0 g NBu4Br & 0.20 mL p-Xylene 
1SJD42A/B/C 7.6 ± 0.1 0.7 ± 0.0 0.1 ± 0.0 10 ± 1 15 ± 0 
1.0 g NBu4Br & 0.40 mL p-Xylene 
1SJD41A/B/C 5.8 ± 0.4 0.3 ± 0.0 0 8.2 ± 0.5 14 ± 2 
2.0 g NBu4Br & 0.20 mL p-Xylene 
1SJD39A/B/C 12 ± 1 1.0 ± 0.1 0.1 ± 0.0 7.7 ± 0.3 16 ± 2 
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 Conversion of 1-Bromooctane under Dehydration Conditions 3.3.6
In analogy to the general procedure, pre-activated H4SiW12O40 (91.5 mg, 31.8 µmol, 
5.0 mol %), CuBr2 (7.1 mg, 31.8 µmol, 5.0 mol %), NBu4Br (1.00 g, 3.10 mmol, 4.88 
equiv), para-xylene (0.10 mL), and 1-bromooctane (0.11 ml, 122 mg, 635 µmol, 1.00 
equiv) were reacted for 48 h at 125 °C. Workup and analysis were performed as 
described in the general procedure, resulting in the yields shown in Table 10. 
 
Table 10. Calibrated GC Yield for Conversion of 1-Bromooctane. Conditions: H4SiW12O40 (91.5 
mg, 31.8 µmol, 5.0 mol %), CuBr2 (31.9 μmol, 5.0 mol %), NBu4Br (1.00 g, 3.10 mmol, 4.88 equiv), 
para-xylene (0.10 mL), 1-bromooctane (0.11 ml, 122 mg, 635 µmol, 1.00 equiv), 125 °C, 48 h. 
Entry 
1-
Octene 
[%] 
2-
Octene 
[%] 
3-
Octene 
[%] 
Dioctyl 
Ether [%] 
1-
Bromooctane 
[%] 
1-Octanol [%] 
1SJD32A/B/C and 
1SJD50A/B/C 
0.6 ± 0 16 ± 1 31 ± 2 0.0 ± 0 0.7 ± 0 4 ± 0 
 
 
 Conversion of 1-Bromooctane/1-Octanol (1:1) under Dehydration 3.3.7
Conditions 
In analogy to the general procedure, pre-activated H4SiW12O40 (91.5 mg, 31.8 µmol, 
5.0 mol %), CuBr2 (7.1 mg, 31.8 µmol, 5.0 mol %), NBu4Br (1.00 g, 3.10 mmol, 4.88 
equiv), para-xylene (0.10 mL), 1-bromooctane (0.55 ml, 61 mg, 318 µmol, 0.50 
equiv), and 1-octanol (0.50 ml, 41 mg, 318 µmol, 0.50 equiv) were reacted for 48 h at 
125 °C. Workup and analysis were performed as described in the general procedure, 
resulting in the yields shown in Table 11. 
 
Table 11. Calibrated GC Yield for Conversion of 1-Bromooctane. Conditions: H4SiW12O40 (91.5 
mg, 31.8 µmol, 5.0 mol %), CuBr2 (31.9 μmol, 5.0 mol %), NBu4Br (1.00 g, 3.10 mmol, 4.88 equiv), 
para-xylene (0.10 mL), 1-octanol (0.05 ml, 82.7 mg, 318 µmol, 1.00 equiv), 1-bromooctane (0.055 ml, 
61 mg, 635 µmol, 1.00 equiv), 125 °C, 48 h. 
Entry 
1-
Octene 
2-
Octene 
3-
Octene 
Dioctyl 
Ether [%] 
1-
Bromooctane 
1-Octanol [%] 
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[%] [%] [%] [%] 
1SJD37A/B/C 0.7 ± 0.1 19 ± 3 36 ± 5 0.0 ± 0 0.8 ± 0.3 9 ± 2 
 
 
 Conversion of Dioctyl Ether under Dehydration Conditions 3.3.8
In analogy to the general procedure, pre-activated H4SiW12O40 (91.5 mg, 31.8 µmol, 
5.0 mol %), CuBr2 (7.1 mg, 31.8 µmol, 5.0 mol %), NBu4Br (1.00 g, 3.10 mmol, 4.88 
equiv), para-xylene (0.10 mL), and dioctyl ether (95.7 µL, 77.1 mg, 318 µmol, 0.50 
equiv) were reacted for 48 h at 125 °C. Workup and analysis were performed as 
described in the general procedure, resulting in the yields shown in Table 12. 
 
Table 12. Calibrated GC Yield for Conversion of Dioctyl Ether. Conditions: H4SiW12O40 (91.5 mg, 
31.8 µmol, 5.0 mol %), CuBr2 (31.9 μmol, 5.0 mol %), NBu4Br (1.00 g, 3.10 mmol, 4.88 equiv), para-
xylene (0.10 mL), 1-octanol (0.05 ml, 82.7 mg, 318 µmol, 1.00 equiv), dioctyl ether (95.7 µL, 77.1 mg, 
318 µmol, 0.50 equiv), 125 °C, 48 h. 
Entry 
1-
Octene 
[%] 
2-
Octene 
[%] 
3-
Octene 
[%] 
Dioctyl 
Ether [%] 
1-
Bromooctane 
[%] 
1-Octanol [%] 
1SJD36A/B/C 20 ± 1 18 ± 1 5.7 ± 0.5 12 ± 1 3.6 ± 0.1 3.9 ± 0.5 
 
 Conversion of 1-Octene under Dehydration Conditions 3.3.9
In analogy to the general procedure, pre-activated H4SiW12O40 (91.5 mg, 31.8 µmol, 
5.0 mol %), CuBr2 (7.1 mg, 31.8 µmol, 5.0 mol %), NBu4Br (1.00 g, 3.10 mmol, 4.88 
equiv), para-xylene (0.10 mL), and 1-octene (0.100 ml, 71.3 mg, 635 µmol, 1.00 
equiv) were reacted for 48 h at 125 °C. Workup and analysis were performed as 
described in the general procedure, resulting in the yields shown in  
 
Table 13. Calibrated GC Yield for Conversion of 1-Octene. Conditions: H4SiW12O40 (91.5 mg, 31.8 
µmol, 5.0 mol %), CuBr2 (31.9 μmol, 5.0 mol %), NBu4Br (1.00 g, 3.10 mmol, 4.88 equiv), para-xylene 
(0.10 mL), 1-octene (0.100 ml, 71.3 mg, 635 µmol, 1.00 equiv), 125 °C, 48 h. 
Entry 1- 2- 3- Dioctyl 1- 1-Octanol [%] 
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Octene 
[%] 
Octene 
[%] 
Octene 
[%] 
Ether [%] Bromooctane 
[%] 
1SJD35A/B/C 1.0 ± 0.1 19 ± 1 37 ± 2 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 
 
 
 Substrate Scope 3.3.10
In analogy to the general procedure, pre-activated H4SiW12O40 (91.5 mg, 31.8 µmol, 
5.0 mol %), CuBr2 (7.1 mg, 32 µmol, 5.0 mol %), NBu4Br (1.00 g, 3.10 mmol, 4.88 
equiv), para-xylene (0.10 mL), and alcohol substrate (635 µmol, 1.00 equiv) were 
reacted at 125 °C for various reaction times (see Error! Reference source not 
found.). Workup and analysis were performed as described in the general procedure 
and the product yields were determined by calibrated GC analysis, using PhOAc as 
internal GC standard. The identities of all products were verified by comparison of the 
obtained data with GC and GC-MS data of original samples (retention times; 
obtained mass spectra). 
 
Table 14. GC Yields for Substrate Scope Study. Conditions: H4SiW12O40 (91.5 mg, 31.8 µmol, 5.0 
mol %), CuBr2 (7.1 mg, 32 µmol, 5.0 mol %), alcohol (635 µmol, 1.00 equiv), NBu4Br (1.00 g, 3.10 
mmol, 4.88 equiv), para-xylene (0.10 mL), 125 °C. 
Entry 
Reaction 
Time [h] 
Substrate Product(s) 
1SJD14A/B/C 48 
 
 
1SJD51A/B/C 48
a
 
 
1SJD18A/B/C 48
b
 
 
1SJD52B/C/D
/E/F/G/H/I 
48
c
 
 
1SJD53A/B/C 48
d
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1SJD91A/B/C 48e  
 
*1SJD83A/B/
C 
48 
  
1SJD46A/B/C 24 
 
 
1SJD65A/B/C/
D/E/F 
8 
 
1SJD65A/B/C 6 
 
1SJD57A/B/C 4 
 
1SJD56A/B/C 2 
 
1SJD30A/B/C 1 
 
1SJD54A/B/C 48
b
 
 
1SJD47A/B/C 24
b
 
 
1SJD48A/B/C 8 
 
 
1SJD60A/B/C 4 
 
1SJD59A/B/C 2 
 
1SJD33A/B/C 1 
 
1SJD55A/B/C/
D/E/F 
48
b
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1SJD49A/B/C 8
b
 
 
1SJD44A/B/C 48  
 
1SJD62A/B/C/
D/E/F 
24  
 
1SJD67A/B/C/
D/E/F 
1  
 
*1SJD99A/B/
C 
0.5  
 
*1SJD100A/B/
C 
0.25  
 
1SJD85A/B/C 48b  
 
1SJD63A/B/C/
D/E/F 
24b  
 
1SJD68A/B/C/
D/E/F 
1b 
  
*1SJD97A/B/
C 
0.5b  
 
*1SJD98A/B/
C 
0.25b  
 
*2SJD4A/B/C 1e  
 
*2SJD5A/B/C 2e  
 
*2SJD6A/B/C 1b,e  
 
*2SJD7A/B/C 2b,e  
 
1SJD31A/B/C 1 
 
 
1SJD69A/B/C 1b 
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1SJD34A/B/C 1 
 
 
1SJD71A/B/C 48b 
 
a
Only 1.0 mol % CuBr2 (1.4 mg, 127 µmol) was used. 
b
No CuBr2 was used. 
c
Only 1.0 mol % 
H4SiW12O40 (18.3 mg, 127 µmol) was used. 
d
No H4SiW12O40 was used. 
eReaction at 100 °C 
* Calculations were based on data collected by Xiaoang Zhang. Trials performed by Sarah J. 
Desrochers were recorded, but not used due to outlying values or high standard deviations. Data can 
be found in file SJD Data/SJD/emmertlab. 
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